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POWER FACTOR CORRECTION POWER 
SUPPLY UNIT, AND CONTROL CIRCUIT AND 
CONTROL METHOD USED IN THE SAME 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

The present invention relates to a PFC (Power Factor Cor 
rection) poWer supply unit, and a control circuit and a control 
method used in the same. The present invention particularly 
relates to a switching poWer supply unit Which converts anAC 
input from an AC poWer supply into a DC output With a high 
poWer factor. 
As knoWn Well, AC poWer includes active poWer, reactive 

poWer and apparent poWer. Only poWer Which can be con 
verted in AC/DC conversion is the active poWer. Therefore, it 
can convert more poWer into DC as the poWer factor is higher 

(closer to 100%). For this reason, PFC (PoWer Factor Correc 
tion) is normally conducted When designing a sWitching 
poWer supply unit. 

FIG. 11 is a diagram shoWing the con?guration of a typical 
PFC converter. FIG. 11 shoWs the con?guration of a PFC 
boost converter Which controls a stable output voltage While 
creating an input current proportional to an input voltage by 
means of a booster circuit. In the boost converter shoWn in 
FIG. 11, the reference sign Vac designates an AC poWer 
supply; Vi, an input voltage obtained by cutting noise out of 
Vac by means of a ?lter and then performing full-Wave rec 
ti?cation thereupon; L1, an inductor; Q1, a sWitching device; 
D1, a back?oW prevention diode; Vo, an output voltage; 
Rload, a load; C1, an input-side smoothing capacitor; and C2, 
an output capacitor composed of an electrolytic capacitor. In 
this case, control systems for controlling the sWitching device 
Q1 can be classi?ed into a discontinuous (current) system, a 
continuous (current) system and a critical system in accor 
dance With a current folloWing into the inductor L1. Here, the 
critical system is a system located in the border betWeen the 
discontinuous (current) system and the continuous (current) 
system. The critical system is a system in Which the sWitching 
device Q1 is changed over from OFF to ON as soon as the 
current ?oWing into the inductor L1 reaches Zero. 
As compared With the continuous (current) system, the 

critical system has a feature that the diode D1 has no reverse 
recovery current though the inductor L1 has a high peak 
current. The critical system is often applied to loWer poWer 
supplies of 75 W to 350 W among poWer supplies With input 
poWer of 75 W or greater, to Which PFC is obliged to be 
applied by regulations on higher harmonics. 
As for a control method for achieving critical PFC, there 

have been heretofore knoWn tWo methods for detecting a 
critical point (Which is the timing When inductor discharge is 
completed, that is, a timing When an inductor current reaches 
Zero). One is a system (drain voltage detection system) Which 
uses an auxiliary Winding to detect a drain voltage. The other 
is a system (minus current detection system) Which uses a 
resistor to detect a minus current. 

FIG. 12 shoWs a conventional type critical PFC converter 2 
With a drain voltage detection system. The critical PFC con 
verter 2 has a Zero current detection circuit 4, an error ampli 
?er 5 and an ON time generator 6. The Zero current detection 
circuit 4 monitors a voltage obtained from an auxiliary Wiring 
L2 and detects a Zero current. The Zero current detection 
circuit 4 informs the ON time generator 6 of the detection of 
the Zero current. Further, the Zero current detection circuit 4 
generates a (sWitch) ON signal at the timing When the Zero 
current is detected, and supplies the ON signal to a driving 
circuit 7. The error ampli?er 5 ampli?es a difference betWeen 
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2 
a voltage obtained by dividing an output voltage Vo by resis 
tors R11, R12 and a reference voltage Vref, and outputs the 
ampli?ed difference as an error signal Comp. 
The ON time generator 6 generates an ON Width (time 

Width in Which a sWitching device Q1 is ON) from a Zero 
current detection signal of the Zero current detection circuit 4 
and the error signal Comp of the error ampli?er 5. The ON 
time generator 6 generates a tum-off timing from the gener 
ated ON Width and outputs a (sWitch) OFF signal at the 
generated timing. The (sWitch) ON signal outputted from the 
Zero current detection circuit 4 and the (sWitch) OFF signal 
outputted from the ON time generator 6 are supplied to the 
driving circuit 7. Based on the (sWitch) ON signal and the 
(sWitch) OFF signal, the driving circuit 7 controls a gate of the 
sWitching device Q1 so as to achieve a critical control opera 
tion. In the circuit con?guration shoWn in FIG. 12, the con 
?guration of a preliminary stage Which should be located 
preliminary to an input voltage Vi as shoWn in FIG. 11 is not 
shoWn. Examples of such poWer supply circuits for detecting 
a Zero cross using an auxiliary Winding are shoWn in Patent 
Document 1 (Japanese Unexamined Patent Application Pub 
lication No. JP-A-2006-296158) and Patent Document 2 
(Japanese Unexamined Patent Application Publication No. 
JP-A-2002-176768). 
On the other hand, a conventional critical PFC converter 3 

With a minus current detection system shoWn in FIG. 13 has a 
Zero current detection circuit 4'. The Zero current detection 
circuit 4' is provided With a current detection resistor R13 for 
detecting a minus current ?oWing into an inductor L1. Based 
on the detected minus current, the Zero current detection 
circuit 4' detects a Zero current. The other con?guration is the 
same as the con?guration shoWn in FIG. 12, and description 
thereof Will be therefore omitted. An example of such a poWer 
supply circuit for detecting a Zero cross using a current detec 
tion resistor is shoWn in Patent Document 3 (Japanese Unex 
amined Patent Application Publication No. JP-A-2000 
324809). 

In the conventional circuit con?guration With the drain 
voltage detection system shoWn in FIG. 12, the auxiliary 
Winding L2 is required. Therefore, the con?guration of the 
inductors L1, L2 is complicated. Further, short-circuit pro 
tection for the auxiliary Winding L2 is also required to make 
it dif?cult to loWer the cost of the PFC converter and reduce 
the pro?le thereof. 

In the conventional circuit con?guration With the minus 
current detection system shoWn in FIG. 13, the auxiliary 
Winding in the circuit con?guration shoWn in FIG. 12 is not 
required. HoWever, the folloWing problems have been pointed 
out. 

(1) The converter Works continuously under a high input 
voltage. 

(2) Due to a loW minus current detection level, the converter 
is so sensitive to noise from a current loop so that malfunc 
tion occurs easily. 

(3) PoWer consumption increases due to the minus current 
detection resistor. 

(4) It is di?icult to establish a critical interleave. 
Of the four problems, the problems (1) and (4) Will be 

described speci?cally. 
First, the mechanism of the problem (1) Will be described. 

FIG. 14 shoWs a timing chart for the description (operation in 
FIG. 13). In the minus current detection system, a minus 
current IR is detected. As shoWn in FIG. 14, When the current 
IR reaches a threshold current value Ith or loWer, the current 
IR is detected as a critical point. HoWever, the threshold 
current value Ith is not Zero through it is loW. Therefore, a 
delay time Td is further required to turn on the sWitching 
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device Q1 at a true critical point. The delay time Td depends 
on values of an input voltage Vi, an output voltage Vo, induc 
tance, etc. Particularly the relationship betWeen the delay 
time Td and the input voltage Vi (in FIG. 14) can be illustrated 
as shoWn in FIG. 15. 
As shoWn in FIG. 15, the delay time increases along a 

J-curve as the input voltage Vi increases. For example, 
assume that the delay time Td is set at Td1 shoWn in FIG. 15 
in (design of) the critical PFC converter. When the input 
voltage Vi is higher than a half of an output voltage V0 in this 
case, the delay time becomes insuf?cient. As a result, the 
sWitching device Q1 cannot be turned on at the true critical 
point, but performs continuous operation. This Will be further 
described. A boost converter has a relationship that an output 
voltage V0 is higher than an input voltage Vi. Assuming that 
the inductance of an inductor is L, it is knoWn that When the 
inductor current decreases, the inductor current decreases in a 
slope of (Vo—Vi)/L. Accordingly, as the input voltage Vi 
increases, the delay time Td increases as shoWn in FIG. 14. 
When the input voltage Vi is higher than the half of the output 
voltage Vo, the delay time becomes insuf?cient. As a result, 
the sWitching device Q1 cannot be turned on at the true 
critical point, but performs continuous operation. 

Next, the problem (4) Will be described by using a con?gu 
ration in Which the background-art minus current detection 
system has been applied to tWo-phase critical interleave. As 
shoWn in FIG. 16, a current ?oWing into a minus current 
detection resistor R corresponds to the sum IR(:IA+IB) of 
currents IA and IB ?oWing into inductors LA and LB respec 
tively. As shoWn in the timing chart of FIG. 17 (explaining 
operation in FIG. 16), the current IR of the tWo-phase (00 and 
180°) critical interleave is continuous. Therefore, the critical 
point cannot be detected by the current detection resistor R. 

In consideration of the problems, a novel critical point 
detection system Which is not a drain voltage detection sys 
tem but can avoid the defects of the minus current detection 
system has been demanded as a critical point detection sys 
tem to be applied to a PFC converter. 

It is therefore an object of the invention to provide a poWer 
factor correction poWer supply unit in Which a novel critical 
point detection system requiring no auxiliary Winding as in a 
drain voltage detection system and having no disadvantages 
inherent to a minus current detection system is used for 
improved poWer factor correction. 

It is another object of the invention to provide a control 
circuit and a control method for use in the poWer supply unit. 

Further objects and advantages of the invention Will be 
apparent from the folloWing description of the invention. 

SUMMARY OF THE INVENTION 

According to the invention, a poWer factor correction 
poWer supply unit for correcting a poWer factor of a boost 
converter includes: a sWitching device; an input voltage 
detection circuit Which detects magnitude of an input voltage 
and outputs an input voltage detection signal; an output volt 
age detection circuit Which detects magnitude of an output 
voltage and outputs an output voltage detection signal; an 
error ampli?er Which outputs an error signal obtained by 
amplifying a difference betWeen the output voltage detection 
signal and a reference voltage; an ON Width generation circuit 
Which generates an ON time Width of the sWitching device 
determined by multiplying a difference betWeen the error 
signal and a predetermined bias voltage by a predetermined 
coef?cient; an OFF Width generation circuit Which generates 
an OFF time Width of the sWitching device determined by 
dividing a product of the input voltage detection signal, the 
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4 
difference betWeen the error signal and the predetermined 
bias voltage and the predetermined coef?cient by a difference 
betWeen the output voltage detection signal and the input 
voltage detection signal; and a sWitching device driving cir 
cuit Which ON/OFF controls the sWitching device upon 
reception of a timing signal for turning on the sWitching 
device as soon as the OFF time Width of the sWitching device 
generated by the OFF Width generation circuit is terminated 
and upon reception of a timing signal for turning off the 
sWitching device as soon as the ON time Width of the sWitch 
ing device generated by the ON Width generation circuit is 
terminated. 

In addition, according to the invention, the poWer factor 
correction poWer supply unit for correcting a poWer factor of 
a boost converter further includes: a capacitor Which gener 
ates the timing signal for turning on the sWitching device and 
the timing signal for turning off the sWitching device; a 
capacitor charging circuit Which charges the capacitor from 
the predetermined bias voltage to the error signal With a 
predetermined charging current so as to determine the ON 
time Width of the sWitching device; and a capacitor discharg 
ing circuit Which discharges the capacitor from the error 
signal to the predetermined bias voltage With a predetermined 
discharging current so as to determine the OFF time Width of 
the sWitching device. 

In addition, according to the invention, in the poWer factor 
correction poWer supply unit for correcting a poWer factor of 
a boost converter, the capacitor charging circuit includes a 
constant current source Which controls the predetermined 
charging current, and a ?rst sWitch circuit Which applies the 
constant current source into a charging path of the capacitor. 
The capacitor discharging circuit includes a current source 
Which controls the predetermined discharging current, and a 
second sWitch circuit Which applies the current source into a 
discharging path of the capacitor. The predetermined charg 
ing current is set at, a ?xed value by the constant current 
source, and the current source controls a value of the prede 
termined discharging current based on: predetermined dis 
charging currentrpredetermined charging current><(output 
voltage detection signal-input voltage detection signal)/ input 
voltage detection signal. 

In addition, according to the invention, the predetermined 
coef?cient is determined by a ratio betWeen a capacitance 
value of the capacitor and the predetermined charging current 
used for charging the capacitor from the predetermined bias 
voltage to the error signal. 

In addition, according to the invention, the poWer factor 
correction poWer supply unit for correcting a poWer factor of 
a boost converter further includes: a ?rst comparison circuit 
Which compares an end-to-end voltage of the capacitor With 
the error signal; and a second comparison circuit Which com 
pares the end-to-end voltage of the capacitor With the prede 
termined bias voltage, Wherein the ?rst comparison circuit 
outputs the turn-off timing signal as soon as the ?rst compari 
son circuit detects that the end-to-end voltage of the capacitor 
has exceeded the error signal; and the second comparison 
circuit outputs the turn-on timing signal as soon as the second 
comparison circuit detects that the end-to-end voltage of the 
capacitor has dropped to the bias voltage or beloW. 

In addition, according to the invention, in the poWer factor 
correction poWer supply unit for correcting a poWer factor of 
a boost converter, a delay circuit is added to an output side of 
the second comparison circuit, so as to delay, by a predeter 
mined time, the turn-on timing signal outputted from the 
second comparison circuit, thereby delaying the turn-on tim 
ing signal. 


















